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[57]  ABSTRACT

A programmable frequency and signalling format en-
coder/decoder circuit is disclosed which can be used
alone or with other like encoder/decoder circuits and
external timing and memory circuits to create a tone

frequency transmission and reception system having

particular frequency and signal format requirements.

‘The encoder provides a sine wave output signal of a

selected frequency by constructing the sine wave shape
from a predetermined number of sine wave weighted

discrete signal segments for each output signal cycle.

The width of the segments within a given output signal
cycle is determined by programming the encoder with
data representative of the selected frequency. To ensure
accurate conformance of the frequency .of the output .
signal with a selected frequency, the encoder further
includes circuitry for varying the width of individual
segments within a single output signal cycle in accor-
dance with the selected frequency. A programmable
timing circuit particularly suited for controlling opera-

tion of one or more encoder/decoder circuits is also
disclosed. |

39 Claims, 28 Drawing Figures
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PROGRAMMABLE FREQUENCY AND
SIGNALLING FORMAT TONE FREQUENCY
 ENCODER/DECODER CIRCUIT

 BACKGROUND OF THE INVENTION
- The present invention relates to frequency signalling
systems and, more particularly, to tone frequency sig-
nalling systems wherein information is tone encoded for
‘transmission to a remote location where it is tone de-

‘coded and used as control or signalling information.
Over the years, a broad range of frequencies and

4,320,522
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signal formats have been developed and are now used in

present day tone frequency signalling systems. This is

particularly true in the area of two-way radio and car
telephone systems, as independent manufacturers have
‘separately developed their own tone frequency signal-
ling systems using tone frequencies and signalling for-
mats unique to their systems. Many tone frequency
signalling systems employ contactless resonant reeds, or

15

20

active filters or other electronic components to accom-

plish the required tone frequency encoding/decoding
- functions. The wide range of frequencies used in the
various systems has required the maintenance by manu-
facturers and suppliers of a large stocked inventory of

standard frequency components. Moreover, the various

25

- timing requirements employed in the different signal-

ling schemes has required the stocking of additional
‘numerous diverse timing components. |
- Accordingly, a principal object of the present inven-
tion is to provide a universal frequency encoder/de-
~coder circuit which can be inventoried and factory
programmed to generate and detect the frequencies
used in present day and future frequency signalling
systems, thus reducing the number of frequency compo-
nents which must be stocked. S

Another object of the invention is to provide a uni-

- versal encoder/decoder circuit which can be used alone

or with other like encoder/decoder circuits and exter-
nal timing and memory circuits to form a tone fre-
‘quency signalling system which can be suitably signal
format and frequency programmed as desired.

- A still further object of the invention is to provide a
umversal encoder/decoder circuit which is designed
around digital techniques and can be simply packaged
as a large scale integrated (LSI) circuit thereby mini-
~ mizing the number of parts needed to construct a de-
sired tone frequency signalling system. |

Since many selective signalling systems are used in

mobile communications systems, e.g. a car telephone

-environment, an additional object of the invention is to
provide a universal encoder/decoder circuit which has
minimized power consumption and which is capable of
minimizing the power consumption of external timing
and memory components connected therewith.

Frequency synthesizers are often employed to pro-

‘vide a selected one of a multitude of output frequencies.
Usually, a reference clock source is frequency divided
in a programmable divider by different integer divider

factors to produce a desired output frequency. Very

~often the exact output frequency required cannot be

30
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~ ling format;
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‘Many present day tone frequency signalling systems
have signalling formats requiring precise timing of tones
and of gaps between tone bursts. Heretofore, discrete
timing circuits have been devised for each different
signalling format which again requires the stocking of a

~large number of parts. Accordingly, yet another object

of the invention is to provide a universal programmable
timing circuit which is particularly useful with one or
more of the universal encoder/decoder circuits of the
invention or with other encoder/decoder circuits to
create the timing patterns of present and future tone
frequency signalling systems.

These and other objects and advantages of the inven-
tion can be seen from the following detailed description
thereof provided in accordance with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

- FIGS. 14 through 1g illustrate several of the various
signalling formats used in present day tone frequency
signalling systems: -

FIG. 1a shows a continuous single tone signalling
format; |

FI1G. 15 shows
format; | |
FIG. 1c shows a five tone sequential signalling format

having a preceeding preamble tone and a subsequent -
dual address tone; o .
- F1G. 1d shows a two tone sequential signailing for-
mat; | |
FIG. 1e shows a two
format; |
FI1G. 1f shows a general purpose signalling format:
and, |
F1G. 1g shows a two tone transitional (FSK) signal-

an interrupted single tone signalling

tone simultaneous signalling

FIGS. 2a and 25 illustrate the formation of a cycle of
a sine wave output signal for two different frequencies
using discrete sine wave weighted signal segments:

FIG. 3 illustrates in block diagram form an encoder
circuit of the invention; -

FIG. 4 A-H illustrates in block diagram form a por-
tion. of the encoder circuit illustrated in FIG. 3:

FIG. § illustrates in block diagram form the decoder
circuit of the invention; -

FIG. 6 illustrates in block diagram form the entire
encoder/decoder circuit configured for incorporation
in an integrated circuit package; |

FIG. 7 illustrates in block diagram form a timing
circuit which may be used with the encoder/decoder
circuit of the invention; o
- FIG. 8 1llustrates a bandwidth control circuit which
may be used with the decoder illustrated in FIGS. 3 and
6; and, - - |

FIGS. 9 through 14 illustrate representative tone
signalling systems which can be created using one or

- more encoder/decoder circuits of the invention.

60

obtained because of the limitations of the frequency of

the clock source and the integer dividing nature of the
-programmable divider. Accordingly, a yet further ob-
“Ject of the invention is to provide a unique frequency

-encoder which more accurately generates an output
- signal at a selected frequency. o |

65

DETAILED DESCRIPTION OF THE
' - INVENTION -

There are four basic signalling schemes presently
used in FM mobile radio applications with which the
encoder/decoder circuit of the invention is particularly
designed to work. These are: | o

(1) single and multiple-tone ON/OFF tone bursts;

(2) simultaneous tone ON/OFF tone bursts;

(3) frequency shifted tones (FSK); and

(4) phase shift keying (bi-phase PSK).
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The signalling frequencies typically employed in
most present day signalling schemes are tones ranging
from 67 Hz to 3215 Hz. Each system uses one or more
tones unique thereto residing within this range. The
various systems also have unique timing for the signal-

ling formats to account for tone start-up delays, tone
signalling duration, intertone gaps and tone sequence

timing. A brief description of the commonly used pres-
ent day signalling schemes together with their timing
information 1s illustrated in FIGS. 1a through 1g.

The signalling schemes illustrated mm FIGS. 1a
through 1g are divided into two groups, based on tone

usage or mode compatability.

The systems of the first group-are those in which only
a frequency encode and decode function need be pro-
vided since signal timing patterns are generated exter-
nally and supplied to the encoder/decoder circuit. Tim-
ing patterns may be provided, for example, by dial pulse
signals, transmit/receiving logic, FSK. transitions, etc.
The sysiems in this group are as follows:

(a) Continuous, single tone systems (an example is a
continuous single sub-audible sine wave system com-
monly referred to as CTCSS), which has the tone sig-
nalling wave form illustrated in FIG. 1a. The continu-
ously emitted tone is typically used for squelch circuit
control 1n a radio receiver. Any one of several frequen-
cies in the range of 67 Hz to 250.3 Hz 1s typically used
for the frequency of the continuous tone.

(b) Single tone interrupted signalling systems such as
illustrated in FIG. 10 wherein a continuous single tone
1s interrupted usually at a dial pulse rate, e.g. 8§ to 12
pulses per second. Each group of tones in a burst is
decimally counted and represents dialing information.
The tone frequencies typically used with this system are
either 1500 or 2805 Hz.

(¢} Two tone transitional (FSK) systems having the
signal format illustrated in FIG. Ig which represents the
typical FSK signalling scheme used in most radio and
car telephone environments wherein 600 and 1500 Hz
are used as the signalling tones.

The second group of commonly employed signalling
schemes requires the use of internal timing control for
proper signal encoding and decoding. These include:

(a) Five and two tone sequential signalling systems,
respectively illustrated in FIGS. 1c and 1d. In the two
tone scheme signalling information is provided by se-
quential tone pairs with each tone being at a frequency
within the range of 382.5 to 1912.5 Hz. The five tone
sequential signalling system uses a first tone followed by
second, third, fourth and fifth tones, each of a predeter-
mined duration. Each five tone set is one of a group of
twelve standard tone sets, each representing a pre-
assigned number. For example, the digit 0 would be
represented by a first tone following by a tone sequence
of 600 Hz, 1983 Hz, 1633 Hz and 1633 Hz. The tone
frequencies used range from 600 Hz to 2601 Hz.

(b) Multiple-tone simultaneous signalling systems as
represented by the two-tone system shown in FIG. 1e
Each simultaneous tone pair represents a pre-assigned
number from 1 to 16. Four frequencies in a low group
and four frequencies in a high group are used in a prede-
termined arrangement to produce sixteen different com-
binations and thus numbers.

(c) General purpose format signalling systems as illus-
trated in FIG. 1f, wherein a sequence of up to seven
tone bursts of equal duration and equal intertone gap is
provided. Frequency coding of the tones is user defined
and the tone frequencies used are between 300 and 3000

10
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Hz. The general purpose format permits generation and
detection of any frequency sequence with either con-
stant band width or constant Q detection. This general
purpose signalling system also permits generation of
any single sub-audible tone between 67 Hz and 250 Hz

and provides user adaptability for unique signalling
system requirements.
Another signalling scheme having the attributes of

both group 1 and group 2 is known as the two plus two
tone sequential (not shown) wherein a first pair of si-
mulianeous tones like those of FIG. 1e 1s followed by a
second pair of simultaneous tones.

The encoder/decoder circuit of the mvention is de-
signed to generate and/or decode signalling frequencies

used in all of the above described signalling systems. A
particular frequency which is to be generated or de-

coded 1s programmed into the encoder/decoder circuit
by externally applied frequency control data signals.
When the encoder/decoder circuit of the invention 1s
used to form a signalling system of the first group de-
scribed above, timing is provided by the system envi-
ronment and only the encoder/decoder circuit is used.
On the other hand, when internal timing is required as
for the signalling schemes in the second group, the
encoder/decoder circuit of the invention is used with an
assoclated timing circuit which provides the necessary
timing signals. A particularly preferred timing circuit
for use with the encoder/decoder circuit is described in
detail below. In either case, the encoder/decoder cir-
cuit 1s also programmed with mode control data signals
which configure the encoder/decoder circuit to the
particular signalling system in which it is used.

A description of the manner in which tone frequen-
cies are encoded in the invention now follows. The
encoder circuit generates an output signal at a selected
frequency by dividing a reference frequency f; by a
dividing factor N corresponding to the selected fre-
quency with a programmable divider and successively
generating from the divided frequency f./N with a
segment counter and digital to analog converter a pre-
determined number of sine wave weighted signal seg-
ments (e.g. 16) for each cycle of the output frequency,
the width of the signal segments changing in accor-
dance with the dividing factor N (i.e. with selected
frequency) thereby changing the frequency of the out-
put signal.

FIGS. 2a and 2b illustrate the generation of a cycle of
two signals of different frequency using this approach.
FIG. 2a represents a signal of higher frequency formed
of 16 narrower signal segments, while FIG. 2b repre-
sents a lower frequency signal formed of 16 wider signal
segments. In FIG. 2b the width (x) of each of the sixteen
segments 18 greater than the width (x) of the corre-
sponding segments in FIG. 2a corresponding to the use
of a larger integer divider factor. This basic frequency
generating approach provides low harmonic distortion,
but results in a slight output frequency inaccuracy be-
cause of the inherent resolution limitations in dividing a
reference frequency by an integer value.

As an example of the frequency inaccuracy problem,
assume a 2.45 Mz reference frequency is used and the
tone to be generated 1s 3,215 Hz. In order to accurately
generate the tone the number of reference clock cycles
per tone would be

2.45 Mz

m = 762.05.



the output .frequency, each segment should have a

‘width correSpondmg to 47 63 cycles of the reference
frequency, . -

762 05
16

= 4763 -

which cannot be.obtained using digital d1v1d1ng and

counting techniques. The closest output frequency ob-
tainable would be if each segment had a width corre-

sponding to 48 reference_frequency cycles, producing

an output frequency of

2.43 Mz

16 x 48 = 210 Hz

To overcome this problem and provide a highly ac-

curate output frequency, the encoder of the invention
has the ability to temporarily alter the frequency divid-

ing factor of the programmable divider during forma-

tion of an output frequency cycle from, for example, N

to N+ 1, to vary the width of predetermined ones of the

signal segments within an output signal cycle.

-~ FIG. 2b illustrates the use of variable width segments
(x and x+A) within a single cycle of the output fre-
quency to more precisely provide a desired output fre-
quency. Although for the purposes of explanation, the
divider factor is altered from N to N+ 1, alteration can
take place from N to other factors in both a positive and
negative direction as desired. Thus, by ad] usting seg-
‘ment widths within a cycle, the frequency resolution of
‘the encoder is increased.

- As an example of this increased resolutlon, if a tone
- frequency of 3215 Hz is required, six of the sixteen
- signal segments would have a width correSpondmg to

47 reference frequency cycles and the remaining ten
segments would have a width corresponding to 48 ref-

erence frequency cycles with a 2.45 MHz clock, pro-
‘ducing a precise output frequency of 3,215 Hz.

A high frequency resolution encoder circuit for pro-

_v1d1ng an output frequency signal constructed from
variable width sine wave welghted segments is illus-
trated in block diagram form in FIG. 3. The output of a
reference frequency source, e.g. a clock 51gna1 at.2.45
Hz, is connected to a prescaler 13 which is optionally
enabled depending on the partlcular frequency range to
‘be generated. As well known in the art, the prescaler
merely divides the reference clock srgnal by a predeter-
mined amount to provide a lowered, i.e., prescnled
- output frequency. The output of prescaler 13 is con-
nected to a programmable divider 15, the output of
- which is connected to a segment counter 17. The seg-

ment counter 17 provides sine wave weighted digital -

signals on output lines (A,B,C,D) which are connected

to the input of a digital to analog converter 19 which
, sucoesSively provides at the output thereof the sixteen
‘segments sine wave weighted in the manner illustrated-

in FIGS. 24 and 2b. The output of the. digital to analog
converter-19 is connected to an input of amphﬁer 21
'Wthh provides an audio output tone signal.

'The operational frequency of the encoder is deter-
-mined by the divider factor N of programmable divider
15. This factor is preset into the programmable divider
‘under control of amemory control and data load circuit

22 which addresses and receives from a memory device

.- (not illustrated in FIG. 3) output frequency data which

1s used to generate the appropriate divider value N for
a selected frequency. The memory control and data

4,320,522

-_Assunnng 16 segments are used in fornnng a-cycle of

- 15

20

6 _
load circuit 22 periodically addresses the memory with
a-memory control signal in accordance with periodic

- signals generated from power strobe control circuit 25.

The power strobe control circuit 25 receives the refer-

~ence clock -signal and: provides therefrom periodic

power strobe output signals which turns on the power
to the memory control and data load circuit 22 as well
as to additional structures as described more fully be-

low. By periodically, rather than continuously, supply-
10 ;

ing operating power to memory control and data load
circuit 22 (and other elements) with the power strobe
control circuit 25, a signiﬁcant amount of power savin gs

results. Such power savings are particularly critical in

battery powered signalling and communications sys-
tems such as mobile telephone systems.

The segment counter 17 includes a tone generator
decoder more fully illustrated in FIG. 4 which provides
sine wave weighted segment signals to digital to analog
converter 19. The tone generator decoder includes four
dlv:tde-by-two bi-stable circuits forming a counter 27

~and a plurality of logic devices’ forming a segment de-

235

coder 29 connected to the outputs of counter 27 to
prowde on 31gna1 lmes A B C D the sme wave

IIIII

log converter 19. Segment counter 17 also prowdes on

- output lines E, F, G, H signals from counter 27 repre-

30

33

4()

45

sentative of what 51gnal segment is being formed. This
information is used by a segment control 73 (FIG. 6),
described in greater detail below, to provide a variable
segment signal on line 16 for temporarily altering the

‘divider factor of programmable divider 15 from N to

N1 to. produce a ditferent width for predetermined

ones of the segments within a cycle of the output fre-

quency depending on the selected output frequency. A
more detailed description of how this variable segment
signal is developed and applied to programmable di-
vider 15 is provided below with reference to FIG. 6.

FIG. 4 also 111ustrates the signal levels provided by
the segment decoder 29 on signal lines A, B, C, D dur-
ing generation of the sixteen segment signals.

The decoder circuit of the invention can detect and
decode any tone frequency within the range of 67 Hz to
3215 Hz, this range being typically. employed in con-.
ventional slgnnlhng systems. Because various systems.
employ different signalling formats and tone ranges, the
bandwidth of the detector portion of the decoder is
made. programmable in accordance with the frequency

- and signalling system with which it is used. In a mobile

50

55

- 60

63

communications environment, the instantaneous signal
to noise ratio varies extensively due to Rayleigh fading
and multipath-effects and, accordingly, the decoder has -
also been desrgned to be extremely reliable under poor

- signal to noise conditions.

The. decoder in its most basic form 18 111ustrated mn
FI1G. 3 as including-an 1nput amplifier 31 to which a
received audio tone signal is applied. Quadature phase
detection is used for tone detection and phase detectors
33 and 35 are provided with both the applied input
signal taken from the output of amplifier 31 and respec-
tive reference frequencies provided through respective
divide-by-two dividers 39 and 37. The reference fre-
quency, which is twice the frequency to be detected, is
supplied to dividers 39 and 37 from the encoder circuit

‘being taken, for example, from one'of the E, F, G, H

output lines from counter 27. The reference frequency
provided on line 42 is applied without phase reversal to
divider 39 -and with phase reversal via inverter 41 to
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divider 37. The outputs of the phase detectors 33 and 35
are filtered by respective low pass filters 43 and 45
squared by respective squaring circuits 47 and 49 and
then summed in summing amplifier 51. The time con-
stant of low pass filters 43 and 45 determines the band-
width of the tone detecting portion of the decoder and
this time constant can be made programmable as de-
scribed in further detail below. The output of summing
amplifier 51 is connected to a threshold detector 53
which provides a logical output when a proper tone is
detected. A threshold voltage is applied to threshold
amplifier 33 on line 52 for comparison with the signal
from summing amplifier 51.

The type of decoder illustrated in FIG. 5 provides
wide band operation uses a minimum of external parts,
1s easily integrated, has excellent noise rejection, and
can be configured to provide a programmable band-
width and center frequency with substantially constant

Q.

The 1ndividual encoder and decoder circuits illus-
trated in FIGS. 3 and 5 are preferably grouped together
with operating mode and frequency control circuits in a
single encode/decode circuit package as illustrated in
FIG. 6. The encode/decode circuit package 101 as
defined by the dotted lines contains external terminals
for the various signals applied thereto and taken there-
from and for connection with various external compo-
nents. The package can be conveniently integrated to
provide a single package encode/decode circuit 101
having a small size and minimum power consumption.

As implemented in the encode/decode circuit 101 of
FIG. 6, the encoder of FIG. 3 further includes: a pair of
gates 67, 68 for selectively changing, in accordance
with applied control signals, the feedback and thus
operating characteristics of output amplifier 21; a pair
of output gates 64, 65 for selectively passing in accor-
dance with applied control signals, the output of ampli-
fier 21 to one or the other of the high frequency 219 and
low frequency 221 audio output terminals; a program-
mable prescaler 13 selectively enabled in accordance
with an applied control signals; and, signal lines for
presetting counter 27 with a predetermined value.

The FIG. 5 decoder, as implemented in FIG. 6 fur-
ther includes: a pair of input gates 61 and 63 for selec-
tively channeling, in accordance with applied control
signals, tone signals appearing on high and low fre-
quency input terminals 231 and 233 to the input of am-
plifier 31; a pair of programmable time constant circuits
43 and 435 for programming the decoder bandwidth and
center frequency under control of a decoder 52 which is
selectively enabled by an applied control signal; and, an
adjustable threshold circuit 59 for setting an appropriate
threshold for threshold comparator 53 in accordance
with applied control signals.

All of the control signals operating gates 61, 63, 64,
65, 67, 68, prescaler 13, decoder 52, threshold adjust
circuit 59 and the signals for presetting counter 27 origi-
nate from a mode control circuit 75 described in further
detail below.

The encoder/decoder circuit 101 further includes
clock terminals 201,203 for connection with an external
crystal 24 which together with inverter 28 provides a
reference clock generating a reference frequency for
the system on line 205. The output of the reference
clock 1s supplied to a power strobe control circuit 25
which periodically generates a power strobe signal to a
memory control 23 and to an external terminal 207 for
connection with external circuits which may be con-
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nected with encode/decode circuit 101. The power
strobe signal supplies energizing voltage to circuits to
which it 1s applied. Under normal operation power
strobe control circuit 25 supplies a power strobe signal
lasting 2 to 5 microseconds every 0.5 seconds, which
reduces external memory power consumption to ap-
proximately 0.0005% of the otherwise consumed steady
state power.

The reference frequency on line 205 is divided by a
divider 26 to provide periodic signals to memory con-
trol 23 causing periodic outputting of a memory address
signal from the memory control 23 at terminal 209 to
external memory circuits which may be connected to
encoder/decoder circuit 101. Memory control circuit
23 also provides periodic signals which enable memory
latch 77 which functions to input and hold data applied
to the data bus terminals 78, and which operate mode
control circuit 75.

Data applied to memory data bus terminals 78 include
operating mode and encode/decode frequency control
data signals for configuring the encoder and decoder
portions of circuit 101 in accordance with selected sig-
nalling formats and operating frequencies. Mode and
frequency control data is held in memory latch 77 and
mode data 1s applied therefrom to mode control circuit
75, while frequency select data is applied to segment
control 73, to gate 76 as dividing factor data N, or to
frequency memory 79 as data for selecting a dividing
factor N. Gate 76 selectively passes either the frequency
select data from latch 77 or frequency select data from
the output of frequency memory 79 to programmable
divider 15 under control of an enabling output signal
from mode control circuit 75.

The mode control circuit 75 is a signal decoder which
Interprets operating mode control signals from latch 77
and supplies appropriate enabling output control signals
to load gate 76, programmable prescaler 13 (for gener-
ating frequencies below 300 Hz), a segment control 73,
gates 67 and 68 of encoder amplifier 21, high and low
frequency audio path output gates 64, 65 of the encoder,
audio path input gates 61 and 63 of the decoder, de-
coder 52 and threshold adjust circuit 59.

Mode control circuit 75 is also responsive to an exter-
nal mode control enable terminal 211 which receives a
voltage for enabling mode control circuit 75, and a
timing signal terminal 213 receiving an audio mute con-
trol signal (A/C) from an external device instructing
mode control circuit 75 to block signal passage through
gates 64 and 65 thereby controlling tone and intertone
duration during tone encoding.

An encode/decode (E/D) terminal 215 is provided
for receiving a signal indicating whether an encode or
decode function is to be performed and for applying the
encode/decode signal to latch circuit 81, the output of
which is connected to mode control circuit 75. The
encode/decode signals sets mode control circuit 75 to
one of an encode or decode operation causing it to
control the controllable structures in one of the encode
or decode circuit portions. A reverse burst terminal 217
is provided for receiving a reverse burst signal and
latching the encode/decode signal on terminal 215 into
latch 81 and for instructing the mode control circuit 75
to load a preset signal pattern in counter 27 during
encoding thereby shifting the phase of an encoded sig-
nal, for example, by 180°, This allows the encoder of the
invention to communicate with decoders requiring a
reverse burst signal.



The internal frequency memory 79 stores divisor data
- N for different frequencies. The particular location of
‘memory 79 which is addressed, and thus the particular
- divisor data N outputted therefrom to gate 76, is con-

trolled by frequency select signals applied to memory

- data bus 78 as memory addressing signals. Memory 79
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“applied directly to programmable divider 15 as division

data (N) or as address signals to tone frequency memory

- 79, the division data (N) output of which is then applied

- through gate 76 to programmable divider 15. In other

may be omitted and divisor data N may be directly

‘applied from an external memory to the memory data
bus terminals 78 for application to programmable di-
~vider 15 via gate 76 and memory latch 77. )
The encoder and decoder portions of the encode/-
-_;-deqode circuit 101 function essentially as described

words, frequency select data supplied to the memory
data bus terminals 78 may either be in the form of an
address corresponding to a selected frequency, the divi-
sion factor N of which is stored in frequency memory

19, or they may be directly representative of a division

10

earlier with reference to FIGS. 3 and 5. However, the

‘operative states of gates 61, 63, 64, 65, 67, 68, and 76,
-programmable timing circuits 43 and 45, threshold ad-
- Justcircuit 59, prescaler 13, segment control 73, and the
- presetting of counter 27 for a reverse burst encoding are
~controlled by the outputs of mode control circuit 75
~which in turn are set by the mode control signals ap-
- plied to mode control circuit 75 from latch 77 and the
signals applied to terminals 211, 213, 215, and 217.

15

20

- The encoder segment counter 17 of FIG. 3 is shown

'in FIG. 6 as divide-by-sixteen counter 27, segment de-
coder 29, and a segment control 73. Segment control 73
‘enables generation of variable segment widths for indi-
‘vidual segments within a cycle of the output frequency

~In accordance with a selected output frequency. The

output of segment control 73 controls programmable
divider 15 such that it divides either by the frequency

‘selected divisor factor N or temporarily by a factor of

N+1, thus permitting an increased resolution of the
encode/decode frequencies as: described above. Seg-
‘ment control 73 receives segment adjustment data cor-

responding to a selected frequency from a frequency

data memory, either internal (i.e., memory 79) or exter-
nal to the encode/decode circuit (from latch 77). This
data is decoded and compared with the data output of
counter 27 (lines E, F, G, H) as the signal segments are
being formed and a control signal is applied by segment
control 73 on line 16 instructing programmable divider
15 to etther divide by the dividing factor N set therein

or temporarily by a factor of N+ 1. The segment adjust-

‘ment data are in the form of segment codes which cor-

factor N stored in an external memory which is directly

‘provided through gate 76 to the programmable divider |

15 under control of the mode control circuit 75. The
latter approach would exclusively be used if an internal
frequency memory 79 is not used. When divisor factor
data is derived from an internal frequency memory 79,
mode control circuit 75 further provides additional
addressing signals to memory 79 in accordance with
applied mode select signals to select a proper division

factor N which is outputted through gate 76 to pro-

grammable divider 15.
- The mode control circuit 75 is also responsive to a

- predetermined pattern of mode select signals apphed to
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respond to predetermined frequencies. Representative -

‘segment codes and the segments affected
thereby are provided in Table 1.

TABLE I
- SEGMENT CODE SEGMENTS AFFECTED
‘ 0000 None None
)01 1 - 9
00i0 1, 2. 910
0011 1,23 9,10, 11
0100 1,2,3,4 9, 10, 11, 12
0101 1,2,3,45 9,10, 11, 12, 13
- 0110 - 1,2,3,4,5,6 9,10, 11, 12, 13,14
01 1,2,3,4,5,6,7 9,10, 11, 12, 13, 14, 15
- 1000 1 . o — - | |
1001 1,2 9
1010 - 1,23 0,10
1011 . 1,234 9, 10, 11
1100 1,2,3, 4,5 9,10, 11, 12
1101 1,2,3,4,5, 6 9, 10, 11, 12, 13
1110 1,2,3,4,5 6,7 9, 10, 11, 12, 13, 14
1111 - 1,2,3, 4,5 6,7

- , 8 9,10, 11, 12,13, 14, 15

When an internal frequency meniory 79_' 1s used to
store divisor data N for predetermined frequencies,
mode control circuit 75 also determines from applied

(e.g. widened) 45

data bus terminals 78, e.g. all mode select lines are at the
same level, to control inputting of external division data
and mode select signals from a memory device, e.g.

- PROM, external to the encode/decode circuit 101
which is read in through the memory data bus terminals

78. The mode and frequency select data will be latched
and strobed in during the power strobe cycles deter-
mined by power strobe circuit 25 and under control of
memory control 23. As noted, the frequency select data
will be directly applied to gate 76 if the applied mode

-select signals indicate the frequency select data directly

represents division data N. Otherwise, mode control
circuit 75 will determine from the mode select signals
that the applied frequency select data represent address
data for internal memory 79 and will cause memory 79
to receive this address data and output a selected divisor
factor to gate 76 when addressed. |

When mode and frequency select data is provided
from an external memory it is read into the encode/-
decode circuit 101 in a number M of successive eight bit
bytes, typically two 8 bit bytes will be sufficient. |
~ Both encoder output frequencies and decoder input
frequencies may be divided into separately controlled

~ upper and lower frequency bands. For this reason, the

50

35

60

encoder output is fed to gates 64 and 65 which may be

enabled to respectively pass high and low generated

frequency signals under selective control of mode con-

-trol circuit 75 according to selected mode data. This

allows the audio output to be directed to different mod-

~ulation input ports, via terminals 219 and 221, of a trans-

mitting/receiving apparatus which the encode/decode
circuit 101 may be associated. Likewise, high and low
frequency input gates 61 and 63, connected with termi-
nals 231 and 233, provided at the input of the decoder,
may also be selectively controlled by the mode control
circuit 75 in accordance with selected mode data. The
high and low input gates permit connection of the en-
code/decode circuit 101 with different demodulation
output ports of a transmitter/receiver. In addition, gates

64 and 635 are both blocked by mode control circuit 75

65

‘mode control signals whether incoming frequency se-
lect data on data memory bus terminals 78 should be

responding to an audio mute signal on A/C terminal 213

when an intertone gap is needed in the encode mode.
‘Since various filter configurations may also ‘be con-

nected to the high and low frequency input modulation

and output demodulation ports of a transmitting/receiv-
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ing apparatus, control of gates 61, 63, 64 and 65 by

mode control circuit 75 can also be used for selection of
a desired externally connected filter configuration.
Completing description of the encode/decode circuit

12

encode/decode circuit 101 and provides the functions
of timing, sequencing, and option control for a selective
signalling system.

Timing circuit 99 includes a mode control circuit 93

101, terminals 223, 225 are provided for connecting 5 accepting and decoding mode control signals at input
external filtering components to the low pass filter cir- terminals 257, 259, 261 and 263 and applying the de-
cuits 43 and 45 of the decoder by respective signal lines coded signals as address signals to a portion of the ad-
44 and 46. A signal line 48 is connected to another ter- dress inputs to timing memory 91. A power strobe cir-
minal 227 to which is applied a reference threshold cuit 95 may be connected to mode control circuit 93 to
voltage. Encoder/decoder 101 may also include a volt- 10 supply operative power thereto in the manner of power
age reference source 83 providing a reference voltage strobe circuit 25 described earlier with respect to FIG.
to an output terminal 229. 6. Power strobe circuit 95 receives a strobe signal at
The decoder is capable of operating with a program- input terminal 289 from the strobe output from and
mable band width and center frequency and with sub- encode/decode circuit 101 and a clock signal and peri-
stantially constant Q, the selected bandwidth being 15 odically applies energizing power to mode control cir-
dependent on the particular frequencies to be detected. cuit 93. The output of power strobe circuit 95 could also
Since the bandwidth and center frequency of the de- be applied to other components of timing circuit 99 as
coder vary in accordance with variations in the time well. An option controlled decoder 97 1s also provided
constants of low pass RC filters 43 and 45, the latter are for accepting data on option data bus 98 representing
programmable and are controlled by a decoder 52 re- 20 one or more system operations which may be optionally
celving division data from e.g. the output of gate 76, and provided. Option control decoder 97 decodes the ap-
an enabling signal from mode control circuit 75. plied inputs and provides signals representing the se-
FIG. 8 illustrates in greater detail the programmable lected options as another portion of the address input to
low pass filters 43 and 45 and decoder 52. Each low pass timing memory 91. Another portion of the address in-
filter includes an respective resistor network (55, 57) 25 puts to timing memory 91 is connected to an encode/-
which 1s used to change the frequency pass characteris- decode terminal 298, while a final portion of the address
tics of filters 43 and 45. Each of the resistor networks inputs to the timing memory 91 is provided from the
includes a plurality of series connected resistors R, R4, output of a sequence counter 112. Thus, the outputs of
Rp, . . . Rr. which are shunted by respective switching mode control 93, option control decoder 97, sequence
clement SA ... SF. Decoder 52 includes a logic gating 30 counter 112 and the encode/decode signal jointly sup-
arrangement for enabling (closing) selected switches S 4 ply an address to timing memory 91.
... Srin filters 43 and 45 in accordance with the divisor During operation of timer 99 sequence counter 112
factor N applied thereto and when enabled by the mode sequentially steps through sixteen possible output states
control circuit 75. Table II illustrates six possible band- under control of a signal applied to its clock input and
width settings which may be achieved using the FIG. 8 35 successively applies different addresses to the address
circuit and their corresponding center frequency and inputs of the timing memory 91 following a starting
frequency ranges, input divisor factors, and switch clo- address. The output of sequence counter 112 is also
sures. provided to memory address terminals 267, 269, and 271
TABLE 11 ,
BW  Center Freaq. =N Bandwidth Switches(S)
Setting Freq. =N Range Range Range (closed)
] 2126.7 72 2392.6-1938.3 64-79  +12.5%, —8.9% ABCDEF
2 1740.1 88 1914.1-1648  80-95  +10%, —7.4% BCDEF
3 1472.4 104 1595.1-1379.5 96-111 +8.3%, —6.3% CDEF
4 1276.0 120 1367.2-1205.7 112-127 +7.1%, ~5.5% DEF
5 1063.4 144 1196.3-963.1  128-159 +12.5%, —9.4% EF
6 370.0 176 957.0-801.Ft 160-191 +10.0%, —7.6% F
Thus far, description has been provided of an en- for successively supplying address signals to an external
code/decode circuit 101 which is capable of generating, 50 memory which in turn provides frequency select data to
under suitable programming of frequency and operating one or more encode/decode circuits 101.
mode, frequency signals for use in specified signalling Timing memory 91 has stored in its various address
formats. While a single encode/decode circuit 101 can locations data patterns in blocks corresponding to dif-
be used to encode and decode single tones between 67 ferent signalling formats and options which control the
Hz and 3215 Hz with timing being provided by a signal 55 operation of timing circuit 99. Included in the data
applied to audio control A/C terminal 213 or to reverse patterns are division data (divide by N) at predeter-
burst terminal 217, the circuit in and of itself is incapable mined addresses within a timing pattern block which
of generating and decoding the more complex simulta- are outputted to digital timer 87 controlling the time out
neous and sequential signalling formats of many present duration thereof, valid tone sequence data at an address
day tone frequency signalling systems. Accordingly, 60 location at the end of a decoding timing pattern block,
one or more encode/decode circuits 101 may be re- which are outputed on terminal 268, audio control mute
quired for specific signalling environments working in data at predetermined address locations within an en-
conjunction with one or more timing circuits and exter- code timing pattern block which are outputed on termi-
nal memory devices. nal 282, encode complete data at an ending address of
One timing circuit which is particularly suitable for 65 an encode timing pattern block outputed on line 286,

use with one or more encode/decode circuits 101 is
illustrated in block diagram from in FIG. 7. The timing
circuit 99 may be formed in a single package like the

switch selection data at predetermined address loca-
tions within a timing pattern block which are outputed
to selectively control one of switches 104, 106, and 108,
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timer selection data at a predetermined address location
within a timing pattern block which are outputed on
line 284 to select one of a d1g1ta1 or analog timing func-
tion, and reverse burst data at a predetermined address
location within a timing pattern block outputted on
terminal 292.. - -

~ As the timing memory 91 is stepped through 1ts ad-
dress locations under control of sequence counter 112,

one or more of these data appear on their corresponding
output lines in accordance with the data patterns pre-

- programmed into the timing memory 91. The beginning
address for a pattern block is selected by the initial
- address inputs established by option control decoder 97,
‘mode control circuit 93, the encode/decode line and
sequence counter 112 at the beginning of a sequence.

also applied to: logic circuit 78 to-condition the same to
be responsive to either the output signal of OR gate 64

- or an encode complete signal applied by timing memory

91 on signal line 286; logic circuit 80 to condition the
same to be responsive to either an applied initiate signal
~.at terminal 158 or a received tone detect signal on gen-
eral tone detect terminal 168 or group tone detect termi-

nal 170 applied through OR gate 92; and, to loglo circuit
86 to condition the same to be either responsive to the

output of digital timer 87 or to a received tone detect
signal applied to gate 92. Each of the logic circuits 78,

80 and 86 is selectively condition by the encode/decode

signal to permit input signals to pass therethrough de-

‘pending on whether an-encode or decode staté is se-

lected. OR gate 64 receives a signal applied to terminal

268 by timing memory 91 indicating detection of a valid
sequence and a signal from d1g1tal tlmer 87 generated

when digital timer 87 times out. |

N Tnnlng circuit 99 also lnoludes a start flip-flop 88

“which is clocked on in response to the output of logic

circuit 80 and reset in response to the output of logic
- circuit 78: The Q output of start flip- flop 88 is prowded
to an enable terminal of digital timer 87 causing it to

‘begin counting clock signals applled to its clock inpuit.

“The clock signals are provided at the output of logic

circuit 82 and are taken from elther a reference clock
‘terminal 292 connected to receive the clock reference of

3
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The encode/decode signal applied to terminal 298 is
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If an-analog timing function is selected, timing mem-
ory 91 outputs, from predetermined ones of its address
locations within a timing pattern block, control signals

- applied to a selected one of switches, 104, 106, or 108

causing connection of one of the external timing circuits
120, 122, or 124 to an RC time constant input of analog
oscillator 89. The external timing circuit fixes the clock
output frequency of analog oscillator 89 and thus effec-
tively controls the time out period of digital timer 87.
Three switches 104, 106, and 108 are provided to

allow the selective connection of three separate ‘RC

timing circuits to analog oscillator 89. One such RC
timing circuit may be used for setting an intertone tim-
ing duration while another may be used to set a tone
timing duration. The third RC timing circuit could be
used in special signalling environments to provide spe-
cial inter tone gaps, for example, between a preamble
tone and subsequent data tones. e '

The analog timing function permits generation of
longer time periods than can be attained using digital
timer 87 alone clocked by the reference clock frequency
at terminal 292. In addition, by using analog oscillator
89 in combination with the digital timer 87 for the ana-
log timing function, the component values for timing
circuits 120, 122, and 124 can be smaller than would

~otherwise be the case for a particular timing period.

Although the division factor N of digital timer 87 can
be fixed during an analog tnnlng function, it may also be
variable under programming of timing memory 91 for
speolal tnnmg situations. For example, it may be desired
toseta shghtly longer inter tone gap timing period, and
thus a different division faotor N 1in digital timer 87,
when awaltlng a tone in a decode mode than when
generating tones in an encode mode.

An audio beeper circuits 90 is connected to the vahd

' sequence detect line providing an audio 51gnal to termi-

nal 294 whenever a valid sequence signal is outputted

° from timing memory 91.

Operation of timing circuit 99 when an encode mode '
is selected will now be described. Inttlally, the system 1S
at a reset state and an encode signal is supplied to en-

- code/decode ternnnal 298 setting timing logic circuits

the system (e.g. the clock output of encode/decode 45

circuit 101) or from a elock output of analog osollator
89. | |

- The logic level of a timer select signal applied to line
284 by ‘timing memory 91 controls logic circuit 92 so
~ that it passes one or the other of the clock SIgnals to the
clock input of digital timer 87. The timer select signal
functions to select either a digital or analog tlnnng func-
tion. For the digital tlmmg funotlon, analog oscillator 89

is' disabled by a first level of the timer select signal

which is applied as one input to enable gate 84 of the
analog oscillator 89, while the digital timer is condi-

- tioned at its D/A input by this first level to divide a
reference clock frequency ‘applied on terminal 292
~ through logic Cerult 82bya division factor N supplied,

thereto from timing memory. 91. :

‘For the analog timing functlon, a seeond level of' the
~ timer select SIgnal conditions gate 84 to pass start signal
from the Q output of ﬂlp-ﬂOp 88 to the enable input of
‘analog oscillator. 89 iniating its operation. Apphcatlon
of this second level of the D/A terminal of digital timer-
87 oondltlons it to dnnde the clock output of oscillator

89 now passed by logic CII‘Clllt 82 bya predetermlned
constant division faotor N :

30

55

78, 80, 86, to an encode mode and timing memory 91 to
an encode pattern block. ‘With the system set in this
manner, start flip- ﬂ0p 88 1 1s ‘ready to. receive an 1n1t1ate
signal on line 158. When received, the initiate signal
causes flip- flop 88 to send an enable signal to digital
timer 87 which is loaded with division data residing at
the startlng address location specified by the address
input signals applied to timing memory 91. If this first
address location includes timer select data instructing a
digital timing operation this.data is applied to 51gnal line
284 instructing digital timer 87 to perform a timing

function while maintaining gate 84 and thus analog -
oso111ator 89 disabled. Timer 87 thereafter counts until

the end of the time period set therein. When digital
timer 87 times out, it. provides an output signal to se-

- quence counter 112 which.steps to its next output pat-

60

65

tern. As a result of the stepping of .sequence counter
112, a new address location of timing memory 91 is
addressed and -its .corresponding data applied to .the
appropriate outputs of timing memory 91 and the next
timing . period is executed: This operation continues
until sequence counter 112 steps the timing memory 91
to an address location containing data representing the
end of an encoding sequence, which data is applied to
line 286 logic 78 to reset flip-flop 88, which causes reset-
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ting of the analog oscillator 89, digital timer 87, and
sequence counter 112.

As the timing memory 91 is sequentially stepped
through addresses corresponding to a stored timing
pattern, various memory locations thereof apply audio
muting control signals to audio control (A/C) terminal
282 1n a pattern establishing a tone and intertone dura-
tion. The periods of tone and intertone duration are
established by the timing periods of digital timer 87
which is set by the division factor data N supplied
thereto from various address locations in timing mem-
ory 91 as it is sequentially addressed.

Timing circuit 99 works in a similar manner for tone
decoding. In this case, a decode signal at terminal 298
conditions logic 78, 80, and 86 to operate in an decode
mode and causes addressing of a decode timing pattern
block in a memory 91. As a result, the start flip-flop 88
is now conditioned to received a tone detect signal
applied to either line 168 or 170. When a tone detect
signal 1s applied, logic circuit 86 reacts and steps se-
quence counter 112 to i1ts next output stage, causing the
next address location of timing memory 91 to be ad-
dressed. As a result, data contained in this memory
location 1s loaded into digital timer 87. The tone detect
signal on line 168 also causes the start flip-flop 88 to
enable the digital timer to establish a time out period for
detection of a subsequent tone. If the next tone is de-
tected within the period established by digital timer 87,
the detector tone will be applied to logic 86 causing the
stepping of sequence counter 112 to its next location,
the addressing of the next memory location in timing
memory 91 and the inputting of new data to the digital
timer 87. However, if the tone is not received before the
digital timer 87 produces an output signal indicating a
time out of the time set therein, start flip-flop 88 will be
reset via the output signal of timer 87 which is applied
to logic circuit 78 through OR gate 4 causing the reset-
ting of timer 87, analog oscilator 89 (if used), and the
sequence counter 112. The selection of a digital or ana-
log timing function is again controlled by the signal
applied to line 284 by timing memory 91.

When a proper sequence of tones properly timed is
received and the sequence counter 112 is thus enabled
to sequentially step through to the last memory location
of a pattern block, the last address will provide a data
signal to terminal 268 indicating that a valid data se-
quence has been detected. A signal applied to terminal
line 268 also passes through OR gate 64 as well as logic
78 causing a resetting of flip-flop 88 and thus resetting
of digital timer 87, analog oscilator 89 (if used), and
sequence counter 112. The signal applied to terminal
268 also causes the audio tone beeper 90 to apply a tone
beeper signal to terminal 294.

Thus far, description of the timing pattern produced
by timing circuit 99 has been provided principally with
reference to the digital timer 87. For certain signalling
schemes particularly where longer timing durations are
needed, analog oscillator 89 will be enabled to provide
the timing function. Timing memory 91 will store in its
address locations data applied to line 284 enabling the
analog oscillator 89 to supply its output as the clock
input to digital timer 87 and digital timer 87 to divide by
a preset divisor factor N. Thus the time out period of
digital timer 87 will be established by the clock output
frequency of analog oscilator 89, which in turn will be
controlied by one of the RC circuits 121, 122, and 124
which is selectively connected thereto under control of
the timing memory 91. The analog oscillator 89 is en-
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abled when gate 84 receives the proper signals from the
Q output of start flip-flop 88 and on line 284 from timing
memory 91.

As evident from the above, different timing patterns
corresponding to different signalling formats can be
pre-programmed 1nto timing memory 91 as successive
memory locations therein with the starting address of
each pattern being set under control of the option de-
coder 97, mode control 93, the encode/decode line and
the initial state of sequential counter 112.

The option control decoder 7 decodes the pattern of
signals applied to its data inputs which signals may, for
example, represent whether or not a preamble tone
should be generated, whether dual address tone should
generated, whether alternative tones should be gener-
ated when a group calling format is used, etc. All of this
information will be stored in an appropriate timing
pattern block which will be in part selected by the out-
put of the decoder 7.

The encode/decode circuit 101 and timing circuit 99
provide a great deal of flexibility in creating signalling
systems having signal formats and operating frequencies
as described with respect to FIGS. 1a through 1g.
FIGS. 9 through 14 represent several different signal-
ling systems which can be constructed from these basic
building block components, as well as one or more
external memory devices.

FIG. 9 illustrates the encode/decode circuit 101 con-
figured to encode or decode a continuous, single sine-
wave tone (FIG. 1a). In this instance, tone frequency
and mode control data are provided to the data bus
terminals 78 of encode/decode circuit 101 and mode
terminal 211 is energized by application thereto of a
continuous voltage signal. An audio tone signal to be
detected taken, for example, from the discriminator of
an associated transceiver is provided at the low audio

input terminal 233 through a prefiltering circuit 301
connected to feedback terminal 235. An audio tone

output signal suitable for transmission is taken from the
audio output (low) terminal 221 passing through filter
250. On-off operation of the encode/decode circuit 101
1s controlled by the transmit/receive logic of an associ-
ated transceiver which is connected by diodes 303 and
a RC time constant circuit 305 to the encode/decode
terminal 215 and reverse burst terminal 217. An output
tone detect signal is taken from the tone detect terminal
224. External filtering is applied to terminals 223 and
225 for the decoder low pass filters and a threshold level
for comparator 53 is determined by external biasing
components connected to and between terminals 227
and 229.

FIG. 10 illustrates the encode/decode circuit 101
used in a single tone interrupted signalling system (FIG.
1b). In this instance, the generated tone signal is taken
from the audio output (high) terminal 219 via filter 252
and an aud1o tone input signal for detection is applied to
the audio input (high) terminal 231 via filter 254. Suit-
able frequency select and mode select signals are pro-
vided to the data bus terminals 78 and the encode/-
decode selection is controlled by the transmit/receive
signal applied to the E/D terminal 215 by transmit/-
receive logic while the tone and intertone duration
timing is determined by an external tone duration signal
applied to the reverse burst terminal 217. As was true of
F1G. 9, a tone detect signal from the encode/decode
circuit 101 is taken from the tone detect output terminal

224 and filtering and threshold components are con-
nected to terminals 223, 225, 227 and 229.
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FIG. 11 illustrates the encode/ dec_:cde Cir‘cuit 101

4,320,522

~used as an encoder in a two tone transitional (FSK)

signalling system (FIG. 1g). In this case, a transmit/-
“receive logic switch connected to terminal 215 controls
‘the ON time of the encoder, while frequency shifting is
controlled by a frequency shift signal applied to the
reverse burst terminal 217. The output frequency is
taken from the audio output (high) terminal 219 via
filter 256. Both frequency select and mode select data

are applied to the data bus terminals 78. The FIG. 11

arrangement could also be used as an encoder in a bi-
phase PSK signalling system with the phase shift con-
-trol information being applied to the reverse burst ter-
minal 217 and the appropriate frequency control and
mode select data applied to the data bus terminals 78.

FIG. 12 illustrates the combination of an encode/-

decode circuit 101 with a timing circuit 99 and an exter-
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‘nal memory 201 providing mode and frequency control

data from addressed memory locations. Addressing
“signals for memory 201 are provided on channel select
lines which are directly connected to a portion of its
memory address lines with remaining memory address
lines being connected to terminals 267, 269, 271 of the
timing: circuit 99 and memory ‘address terminal 209 of
encode/decode circuit 101. Mode and frequency con-
trol data from memory 201 are applied to data bus ter-
minals 78 of encode/decode circuit 101 and mode con-
trol terminals 257, 259, 261, 263, of timing circuit 99.
The arrangement of FIG. 12 is particularly suitable for
generating and detecting sequence signalling formats
(e.g. FIGS. 1¢, 14, and 1f) as the timing circuit is cycled
through a particular timing pattern corresponding to a
selected timing sequence. The FIG. 12 system is also
- capable of generating and detecting tones in high and

low frequency bands as shown by the audio inputs and

outputs of encode/decode circuit 101. |

- FIG. 13 illustrates the use of a pair of encode/decode
circuits 101a, 1015 with a timing circuit 99 and a pair of
memories 203 and 205 providing mode and frequency
control data to the respective encode/decode circuits
1014, 1015 in a two-tone simultaneous signalling system
- (FIG. 1e). Each of the encode/decode circuits gener-
ates and detects one of the two simultaneous tones
which are generated and detected. Timing circuit 99
controls the joint timing of the encode/decode circuits
101 as well as well the joint addressing of memories 203
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and 205 together with channel select lines and memory

“address signals from the respective encode/decode cir-
cuits 101z and 1015. . - o

A final exemplary implementation of a signalling
system utilizing the teachings of the invention is illus-
trated in FIG. 14 which shows the use of two encode/-
decode circuits 101a, 1015 wherein a group call option
is provided for a five tone sequential signalling system
(e.g. FIG. 1c). The sequential tones are generated and
detected by one of the two encode/decode circuits 101

20

35

under control of timing circuit 99 while the continuous
group call tone is detected by the other of the encode/-

decode circuits 1015. | |

As described, the present invention provides an en-
code/decode circuit which is programmable with fre-
quency and mode select data enabling the circuit to
emmulate alone, or with other components, 2 multitude
of different tone signalling systems. The encode/decode
circuit of the invention can be particularly combined

-with other like circuits and/or with a preferred timing
- circuit to emmulate even the most complex signalling

system. As a result, a desired tone signalling system can |
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‘be implemented with a minimum of parts and with a

relatively simple design. Moreowver, the invention also

- provides a unique encoder circuit for accurately gener-

ating under programmed control a desired output fre-
quency as well as a unique timing circuit for use with
one or more encode/decode circuits.

While the invention has been described with respect
to several specific embodiments, it is to be understood.
that these embodiments are merely exemplary of the
invention and that many modifications can be made
thereto without departing from the spirit and scope
thereof. Accordingly, the invention is not limited by the

~description of these preferred embodiments, but only by

the claims which are appended hereto.

What is claimed is: | | -

1. A programmable frequency signal generator com-
prising . |
a reference clock source; |
means for selecting a desired output frequency and

determining a division. factor N corresponding

thereto; - - |
a programmable divider for dividing the output fre-

quency of said reference clock source by said divi-

sion factor N determined by said selecting means;
means connected to the output of said programmable

~divider for forming a predetermined number of
successive sine wave weighted signal segments to
form a cycle of said output frequency, the width of
each of said predetermined number of signal seg-
ments being determined by the division factor N of
‘said programmable divider; and _
means responsive to said frequency selecting means

and segment forming means for changing the divi-

sion factor of said programmable divider during

the formation of a cycle of said output frequency to

vary the width of at least one of said predetermined

number of signal segments relative to the width of
. the remainder of said predetermined number of
~ segments in said cycle. :

2. A programmable frequency signal generator as in
claim 1 wherein said changing means causes said pro-
grammable divider to divide the output frequency of
said reference clock source by a division factor of N41
during formation of said at least one signal segment.

3. A programmable frequency-signal generator as in
claim 1 wherein said changing means is programmed
with a pattern for varying the division factor N deter-
mined by said selecting means during the formation of a

cycle of said output frequency to ‘vary the width of

predetermined ones of said segments in accordance
with a selected output frequency. |
4. A programmable frequency signal generator as in
claim 1 wherein said predetermined number of signal
segments is 16. | - o
5. A programmable frequency signal generator as in
claim 1 wherein said forming means generates succes-

sive sine wave weighted digital signals which are con-

verted to successive sine wave amplitude weighted
signal segments by a digital to analog converter.

6. A programmable frequency generator as in claim 2
wherein said changing means includes a segment con-
trol circuit provided with segment width varying data
for a selected output frequency of said generator, said
segment control circuit being responsive to said seg-
ment width varying data and the output of said forming
means to shift the programmable divider division factor
between N and N 41 during formation of said segments
in a cycle of said output frequency causing generation
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of varying segment widths in each cycle of said output
frequency.

7. A tone signalling encoder/decoder device com-
prising:

a programmable encoder for generating a selected
one of a plurality of possible output frequency
signals in response to applied frequency select sig-
nals, said encoder operating in a selected one of a
plurality of possible operating modes, said encoder
comprising;:

a reference frequency source,

a programmable divider for selectively dividing
the output frequency of said reference frequency
SOUrce, '

and

a sine wave generating circuit responsive to the out-

- put of said programmable divider for successively
providing a predetermined number of sine wave
weighted segment signals to form a cycle of a se-
lected output frequency; |

“a programmable decoder for decoding a selected one

of a plurality of possible applied input frequency

. signals in response to applied frequency select sig-
nals, said decoder operating in a selected one of a

~ plurality of possible operating modes; and,

mode control means responsive to applied mode con-
trol signals for conditioning said encoder and de-
coder to operate in a selected one of said plurality
of possible operating modes and to operate 1n a
selected one of an encoding and decoding mode.

8. A tone signalling encoder/decoder device as in
claim 7 wherein said encoder further comprises a pres-
caler provided between said reference frequency source
and said programmable divider and said mode control
means provides a signal controlling operation of said
prescaier.

9. A tone signalling encoder/decoder device as in
claim 7 wherein said decoder includes means for decod-
ing an applied input frequency signal by comparing it
with a reference frequency signal generated by said
encoder.

10. A tone signalling encoder/decoder device as in
claim 7 wherein said encoder further comprises an am-
plifier connected to the output of said sine wave gener-
ating circuit and controllable means for changing the
feedback characteristics of said amplifier responsive to
signals emitted by said mode control means.

- 11. A tone signalling encoder/decoder device as in
claim 10 wherein the output of said amplifier is con-
nected 1in common to first and second signal paths and
sald encoder further comprises means responsive to said
mode control means for controlling the passage of sig-
nals in said first and second signal paths.

12. A tone signalling encoder/decoder circuit as in

~.claim 7 further comprising a means for gating division

factor data corresponding to a selected encoder fre-
quency to said programmable divider, said mode con-
trol means controlling said gating means to supply said
division factor data to said programmable divider.

13. A tone signalling encoder/decoder circuit as in
claim 12 further comprising a memory for storing divi-
sion factor data for a plurality of possible encoder out-
put frequencies, said memory being responsive to ad-
dress signals applied thereto for providing division fac-
tor data to said gating means.

14. A tone signalling encoder/decoder circuit as in
claim 12 further comprising a data bus for receiving
applied division factor data and mode control signals
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and a latching circuit connected to said data bus for
latching and applying said division factor data and
mode control signals respectively to said gating means
and said mode control means.

15. A tone signalling encoder/decoder circuit as in
claim 14 further comprising a memory control circuit
for providing periodic address signals to a memory
device having an output connected to said data bus.

16. A tone signalling encoder/decoder circuit as in
claim 15 further comprising a power strobe circuit for
periodically supplying energizing power to said mem-
ory control circuit.

17. A tone signalling encoder/decoder circuit as in
claim 15 wherein said memory control operates said
latching circuit to latch therein data applied to said data
bus and wherein said encoder/decoder circuit further
comprises a power strobe circuit for periodically sup-
plying energizing power to saild memory control cir-
cuit.

18. A tone signalling encoder/decoder circuit as in
claim 7 wherein said decoder comprises:

an input amplifier to which said input signal 1s ap-

plied, a pair of phase detectors connected to the
output of said input amplifier, said phase detectors
also being respectively supplied with opposite
phase reference signals generated by said encoder,
respective low pass filters connected to the outputs
of said phase detectors, respective signal squaring
circuits connected to the outputs of said phase
detectors, a summing amplifier for adding the out-
puts of said squaring circuits, and a threshold com-
parator for comparing the output of said summing
amplifier with a threshold voltage.

19. A tone signalling encoder/decoder circuit as in
claim 18 further comprising means for varying the fil-
tering characteristics of said low pass filters.

20. A tone signalling encoder/decoder circuit as in
claim 19 wherein said means for varying the filtering
characteristics of said low pass filters comprises a de-
coder for decoding applied data corresponding to pre-
determined decoding frequencies and a switching cir-
cuit responsive to the output of said decoder for varying
a component value and thus the filtering characteristics
of said low pass filters.

21. A tone signalling encoder/decoder circuit as in
claim 20 wherein each said low pass filter includes a
plurality of serially comnnected resistances and said
switching circuit includes a plurality of serially con-
nected switching elements, each of which is connected
in parallel with a respective one of the resistances, said
decoder controlling the on-off state of said switching
elements.

22. A tone signalling encoder/decoder circuit as in
claim 18 further comprising a pair of input signal paths
commonly connected to the input of said input ampli-
fier, and,

means responsive to said mode control means for

controlling signal passage through said input signal
paths.

23. A tone signalling encoder/decoder circuit as in
claim 18 further comprising means responsive to said
mode control means for varying the threshold voltage
applied to said threshold comparator.

24. An encoder/decoder circuit as in claim 23 further
comprising respective input filter terminals connected
to said low pass filters; and,

a threshold terminal coupled to said means for vary-

ing for permitting adjustment of the threshold op-
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' eratmg characteristics of said decoder by a voltage
applied to said threshold terminal.
- 25. An encoder/ decoder Cll"Clllt as in claim 23 further

comprising:

- means for provldlng a reference voltage source to a 5

~ voltage reference output terminal; |

~ an audio feedback terminal connected to the output

- said input signal amplifier; |

a pair of applied input frequency terminals respec-

~ tively connected to high and low frequency signal
paths connected to the input of said input amplifier;

a pair of filter terminals respectwely connected to

- said low pass filters and, - |

a pair of generated frequency output terminals re-
spectively connected to high and low frequency {5
signal paths commonly connected to the output of
“said encoder.

26. A decoder circuit comprlsmg

- an input amplifier for recelvmg an applled input sig-
nal;. -

a pair of phase detectors connected to the output of
said input amplifier;

means for respectively supplying opposnely phased

| 1dent1cal frequency reference 51gnals to said phase

~ detectors;

a pair of low pass filters respectively connected to the
outputs of said phase detectors;

- means for altering the filtering characteristics of said

- low pass filters under control of applled conirol
sugnals |

a pair of signal squaring c1rcu1ts reSpectlvely con-
“nected to the outputs of said low pass filters;

a summing amplifier for adding the outputs of said
squaring circuits; and
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~ a threshold comparator connected to the output. of

said summing amplifier for providing an output 35

~signal when the output signal of said summing
amplifier exceeds a predetermined level. |
27. A decoder as in claim 26 wherein said low pass

filters each comprise an array of interconnected filter-

ing components and said altermg means Comprises 40

switching means for electrlcally by-passmg selected

‘components and a decoder responsive to said control

signals for operating said switching means.

28. A timing pattern signal generator comprising:
memory means storing data representing timing sig-
nal patterns, said stored data including first data

-representing the duration of at least one tlmmg

. period; -

means for addressing said memory means to cause

read out of said stored data: >0

programmable timer means responsive to said first
data read out from said memory means for estab-
llshlng a timing duration corresponding to said first
data and providing an output signal at the end
thereof, said programmable timer means comprrs-
lng | | |

a programmable digital timer coupled to said mem-
ory means for establishing a timing period by
dividing an applied clock signal by a division
factor contained in said first data,

means providing a first reference clock signal,

a programmable analog oscillator coupled to said

- memory means and digital timer for selectively
generating a second reference clock signal at a
frequency determined by frequency select data
contained in said first data, and

a first logic circuit responsive to timer selection

~data stored in said memory for selectively apply-
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- 1ng one of said first and second reference clock
signals to a clock 31gnel input of said digital
timer; and

means for initiating the tlrnmg operation of said pro-

grammable timer means.

29. A timer signal generator as in claim 28 wherein
said addressing means includes a sequence counier, ihe
output of which is applied as a portion of the addressing
signals applied to said memory means, said timing signal
generator further comprising a second logic circuit for
selectively applying the output of said digital timer to
said sequence counter.

30. A timing signal generator as in claim 29 further

‘comprising a timing period initiate circuit for initiating

operation of said programmable timing means in re-
sponse to receipt of a start signal, and means responsive
to the output of said digital tlmer for resetting said
Initiate circuit.

31. A timing pattern generator as in claim 30 wherein
sald means for resetting comprises an OR gate having a

- first input connected to the output of said digital timer,

a second input connected to receive data from said
memory means indicating completion of a signal decod-
ing timing pattern, a fourth logic circuit for selectively
applying one of the output of said OR gate and output
data received from said memory means indicating com-
pletion of a signal encoding timing pattern to said initi-
ate circuit, said initiate circuit comprising a flip-flop
have a reset terminal responsive to the output of said
fourth logic circuit and a clock terminal responsive to
the output of said third logic circuit.

32. A timing signal generator as in claim 28 wherein
the frequency of said analog oscillator is set by an RC
circuit connected thereto and a switching means is pro-
vided for connecting a selected one of a plurality of RC
circuits to said analog oscillator in response to said data
stored in said memory means.

33. A timing signal generator as in claim 32 whereln
sald memory means stores second data representing the
completion of generation of a selected timing pattern
and third data for controlling the energized state of a
signalling line at predetermined times during generation
of said selected timing pattern.

34. A tnmng pattern generator as in claim 33 further
comprising a third logic circuit for selectively applying
one of an initiate signal and signal detect signal as said ;
start signal to said initiate circuit. - | |

35. A timing pattern generator as in claim 34 wherein
said second logic circuit selectively applies one of the
output signals of said digital timer and said signal detect
signal to said sequence counter.

- 36. A timing pattern generator as in claim 35 further
comprising an encode/decode control signal generating
means operatively connected to control operation of
said first, second, and third logic circuit.

37. A timing pattern generator as in claim 36 further
comprising an enable gate responsive to the output of
sald initiate circuit and selection data stored in said

- memory means for enabling operation of said analog

oscillator.

38. A timing pattern generator as in claim 28 further
comprising a mode control circuit for applying mode
control signals as address signals to said memory circuit.

39. A timing pattern generator as in claim 28 or 38
wherein said addressing means includes an option con-
trol decoder for decoding applied option control signals
and applying decoded option control signals as address

signals to said memory means.
% % 7k * s
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